This paper presents a new approach to characterize the time -dependent behavior of asphaltic concrete by a transfer function which is derived from the frequency response of the material, using sinusoidal loading tests. 
INTRODUCTION
Theoretical developments in the stress-displacement behavior of asphaltic concrete in a pavement structure are very restricted in their applicability to represent actual field conditions due to the complexity of asphaltic concrete as a structural material and the complicated interaction with the other structural layers. A rigorous theoretical solution to a typical boundary value problem in pavement mechanics must satisfy the equations of equilibrium (or motion), compatibility equations (or some other form of conservation equation), boundary conditions, and initial conditions. The development of such a solution requires the use of some form of stressdisplacement-time relation for the material, and it is this aspect which specifies the solution for a particular medium. At present, there are no satisfactory constitutive relations available for pavement materials, both asphaltic concrete and soils, and this is perhaps the greatest impediment to realistic theoretical solutions of the response of pavement systems to applied loads, dynamic or static.
Having the ultimate objective to design such layered pavement structures, the theory of linear viscoelasticity has been widely used for the evaluation of pavement components as well as for understanding their response to varied loading conditions. Layered systems were not, however, analyzed using timedependent (viscoelastic) material properties until after the development of the correspondence principle for isotropic media in 1955 by Lee thereafter the extension by Biot (2) to include anisotropic media. Stress and strain for linear viscoelastic materials can be related by either differential or integral linear operators. The differential operator form of the stress-strain law is most commonly used and as Biot (3; has pointed out may be visualized as a combination of springs and dashpots. More general methods of viscoelastic stress analysis have been described by Lee {k) and Lee and Rogers (5) .
Pister and Monismith (6) have applied the basic differential equation
for the three element model to the solution of a viscoelastic beam on an elastic foundation,, Fister (7) has considered the solution of a viscoelastic plate en a viscoelastic foundation. Other literature (8,, 9? 10) also exist in limited quantity dealing with viscoelastic slabs or foundations in various ways. Harr (11) used a two element model to show the influence of vehicle speed on pavement deflection. The usefulness of these methods is restricted to the extent of the realistic representation of the viscoelastic characteristics of the materials of the pavement structure in the numerical analysis.
The study of viscoelastic characteristics of bituminous mixtures has been the object of many research workers, and here again spring-dashpot models have been generally made use of. By using a Burger's model. Wood and Goetz (12) found that the behavior of a sheet asphalt mixture obeyed the laws of linear viscoelasticity for limited stresses and small deformations, Secor and Monismith (13) observed that the four element model, suggested by Kuhn and Rigden (lU) was capable of representing the displacement of an asphaltic concrete only to a limited extent.
Dynamic tests, such as those employing sinusoidal loading, have been used to study the viscoelastic response of asphaltic concrete, by some investigators (15, 16, IT If a rigid body is subjected to a dynamical force f(t), then the force and the resulting displacement x(t) can be considered as the input and output, respectively for the dynamic system. The transfer function between the operational force and the operational displacement is given by Solving for x(s),
The inverse transform of x(s) is x(t) and is
6.
Eq. 3 shows that once the transfer function G(s) is known for any system, the displacement x(t) can be evaluated for that system for another given input force f(t). Frequency-response tests were conducted on three different-sized specimens with constant height-width ratio using Mix-1 at 90F. They were cut along the same direction in the compacted beam. The large, medium and small sizes were 1 l/k" x 1 1/V x 2 1/2", 1" x 1" x 2" and 3/V x 3/V 1 x 1 1/2", respectively. Analysis of their test results showed that the frequency spectrums for the three specimens are nearly the same and that they can be approximated by one single transfer function, which shows that the transfer function for the mix is independent of the specimen size.
In the light of this observation, it appears that the transfer function can be used to represent the dynamic characteristics of a viscoelastic material in much the same way as the elastic modulus represents the stressstrain characteristics of an elastic material. In other words, for a given viscoelastic material such as a bituminous concrete there is only one transfer function for a given temperature.
Prediction of Displacements for Sinusoidal Loads
It was seen under "Concept of Transfer Function" that once the transfer function of a system is known,, it can be used to predict the output of the system for any other given input which is a function of time, After the transfer functions for the asphaltic concrete test specimens under investigation were determined, attempts were made to predict the output displacement of the specimens when subjected to a sinusoidal input of known magnitude, other than the one used to determine the transfer function.
Each specimen was tested under three sinusoidal inputs at each of the three temperatures used previously. 
where f magnitude of the input 0)
= frequency of the input = phase angle between output and input.
In Eq. 13 } x(t) is a maximum when sin(a)t + 0)~1" so that Experimentally, it is convenient to measure x(t) at the peak of the sinusoidal displacement output. Thus, the calculated displacement from
Eq. lit-can be compared with the measured displacement for a given magnitude and frequency.
It was mentioned elsewhere that in the experimental set-up of this investigation, the input was recorded in pounds and millivolts and the output was recorded in inches and millivolts. Thus the output-input ratio can be either dimentionless or in units of inch per pound. The frequency 
